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CHAPTER 3 
 
 
THE EFFECT OF RADIATION ON MAGNETOHYDRODYNAMIC FREE 
CONVECTION BOUNDARY LAYER FLOW OVER A SOLID SPHERE  
IN A VISCOUS FLUID 
 
 
3.1  INTRODUCTION 
 
The problem of the effect of radiation on magnetohydrodynamic free convection 
boundary layer flow over a solid sphere in a viscous fluid with convective boundary 
conditions is considered and discussed in this chapter. The effect of radiation on 
magnetohydrodynamic flow for heat and mass transfer problems have become 
industrially more important due to many engineering processes occur at high 
temperatures and the knowledge of radiation in heat transfer leads to significant role in 
the designing of equipment. Nuclear power plants, gas turbines and various propulsion 
devices for aircraft, missiles, satellites and space vehicles are examples of such 
engineering processes. At high operating temperature, the radiation effect can be quite 
significant (Sivaiah et al., 2010). This problem has been considered by several people, 
as listed in the literature review section in Chapter 1. 
The obtained results are compared with those reported by Huang and Chen 
(1987) and Nazar et al. (2002a) without the effect of radiation and 
magnetohydrodynamic when M = 0, 0RN =  and .γ →∞  
In the current work, the basic equations of boundary layer are transformed into a 
non-dimensional form and reduced to nonlinear systems of partial differential equations. 
They are solved numerically using an implicit finite difference scheme known as the 
Keller-box method. Numerical solutions are obtained for the local wall temperature, the 
local heat transfer coefficient, local Nusselt number and the local skin friction 
coefficient, as well as the velocity and temperature profiles. The features of the flow and 
heat transfer characteristics for various values of the Prandtl number, the magnetic 
parameter, the radiation parameter, the conjugate parameter and the coordinate running 
along the surface of the sphere are analyzed and discussed. 
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3.2  MATHEMATICAL FORMULATION 
 
Consider a heated sphere of radius a, which is immersed in a viscous fluid of 
ambient temperature 
∞
T . The surface of the sphere is subjected to a convective 
boundary conditions as shown in Figure 3.1. Therefore, the equation of continuity as 
(2.5) but the momentum and energy equations can be written as
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subject to the boundary conditions  (Salleh et al., 2010c and Aziz, 2009) 
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Figure 3.1: Physical model and coordinate system 
where )/sin()( axaxr = , u and v
 
are the velocity components along the x
 
and y
 
directions, respectively, T
 
is the local temperature,
 
g
 
is the gravity acceleration, β
 
is 
the thermal expansion coefficient, ν
 
is the kinematic viscosity, ρ
 
is the fluid density, 
σ
 
is the electrical conductivity,
 
ρc
 
the specific heat, α
 
is the thermal diffusivity, fT  is 
the temperature of the hot fluid,
 fk  is the thermal conductivity and fh
 
is the heat 
transfer coefficient fluid. 
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We introduce now the following non-dimensional variables (Salleh et al., 2010c; Aziz, 
2009) 
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is the Grashof  number for convective boundary 
conditions. 
Using the Rosseland approximation for radiation (Bataller, 2008a,b) the radiative heat 
flux is simplified as 
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 where *σ  and *k  are the Stefan-Boltzmann constant and the mean absorption 
coefficient, respectively. We assume that the temperature differences within the flow 
through the porous medium such as that the term 4T
 
may be expressed as a linear 
function of temperature. Hence, expanding 4T
 
in a Taylor series about 
∞
T
 
and 
neglecting higher-order terms, we get 
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Substituting variables (3.4)–(3.6) into (3.1) and (3.2) then become 
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 is the Prandtl number, 
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is the radiation parameter. The boundary conditions (3.3) become 
